Suspended core fiber tapers with different cross sections (from 70µm to 120µm diameter) were produced by filament heating. Before obtaining the taper, the spectral behavior of the suspended core fiber presents multimode interference. When the taper is made an intermodal interference is observed. This effect is clearly visible for high taper reduction. The spectral response of the microtaper inside the suspended core fiber is similar to a beat of two interferometers. The microtaper was subjected to strain, and an increase of sensitivity with the reduction of the transverse area was observed. When the taper was immersed in liquids with different refractive indices or subjected to temperature variations, no spectral change occurred.
INTRODUCTION
Optical fibers based on silica have become an irreplaceable asset in telecommunications, data transport and sensing. Low loss single mode fibers (SMFs) have revolutionized telecommunications but fall short when much smaller dimensions are needed for integrated photonic devices. Tapering of conventional fibers to reduce the waveguide dimensions has been thoroughly investigated. Taper adiabaticity and shape have been extensively studied [1, 2] . Many tapering techniques have been developed such as pulling the fiber around a heated sapphire rod [3] , CO 2 lasers [4] , and flamebrushing [5] . Low-loss tapers with sub-wavelength diameters offer empowering optical and mechanical properties such as strong confinement and consequent non-linear interactions [6] , large evanescent fields [5] , and high mechanical strength [7] .
In the last 15 years, microstructured optical fibers have attracted a lot of attention due to their excellent properties. Over the last decade, tapering of microstructured optical fibers has been enhanced [8, 9] and very interesting optical microstructures have been developed. It was shown that microstructured optical fibers can be tapered while retaining their cross-sectional profile with little or no distortion [10] . The cross-sectional profile can thus be scaled down proportionally producing structures with very small core diameters. Magi et al. [10] were the first to achieve a pitch below 300 nm in a tapered holey fiber. Tapered holey fiber as a temperature-independent strain sensor was also reported [11] . Tapered microstructured optical fibers have also been employed for efficient supercontinuum generation [6] .
In this paper, the tapering of a suspended core fiber (SCF) is investigated. In particular, a SCF with a small core diameter was tapered down reducing even more its diameter. Tapers of different cross-section diameters were produced by filament heating and were characterized in strain, temperature, and external refractive index. The suspend modes suppo evidently ort other [12] . When applying the WKB method to multimode graded-index fibers and taking the limit for step-index fibers, one obtains an expression for the number of modes: 2 2 V N = , valid for cylindrical (core and cladding) fibers with normalized frequencies (V) greater than 5 [13] . Figure 4 shows that the actual number of modes of the SCF structure does follow a quadratic tendency but it does not correspond to the expression previously stated. In fact, the number of modes follows an expression, derived from the quadratic fit of 
EXPERIMENTAL RESULTS
Before tapering, the sensing head acts as a multimode interference device -the light field propagating along the input SMF enters the SCF section and several modes are excited. This interference appears because different modes, which propagate along the SCF with different phase velocity, are recombined at the splice between single mode fiber and SCF and, in this case, a well-defined notch peak at ~ 1585 nm appears (see Figure 5 (a)). After tapering, intermodal interference appears, as presented in Figure 5 (b). This occurs due to the reduction in core diameter and consequent reduction of the number of propagating modes. Using the expression obtained from the simulations, it is possible to estimate a 70% reduction in the number of modes when tapering the original SCF to an outer diameter of 70 μm. Figure  5 (b) shows a new spectral response when compared with Figure 5 (a). A beat signal appears due to the combination of a few interferometers. Several sensing structures were tapered down with different SCF waist diameters, namely, 120, 115, 110, 105, 100, 90, 85, 80 and 70 μm. For strain characterization, each structure was placed on micrometric translation stages and subjected to controlled stretching. The total length of the sensing head was subjected to strain. To determine the wavelength variations, the wavelength change of the several labeled peaks in Figure 5 was monitored. Their mean value was used since no strain sensitivity dependence on wavelength was observed. Figure 6 shows that the strain sensitivity increases when the taper diameter decreases. This behavior is expected [14] . The sensing head is composed by an SCF section combined with a fused taper. The strain gauge of the sensing head has a total length of L Total = L taper + L fiber . If strain (ε taper ) is applied to the taper structure, at constant temperature, the wavelength will be shifted by Δλ taper according to:
where κ ε(taper) is a constant characteristic of the fiber material, which can be easily determined experimentally by analyzing the variation of the wavelength as a function of strain, at constant temperature.
However, if strain is applied to the entire sensor, then an unequal load of stress will appear along each section of the fiber depending on the mechanical resistance. In particular, strain loads applied to the SCF and the fused taper are related according to:
where E is the Young modulus of the sensor material and A i (i = fiber or taper) is the cross-sectional area of the suspended core in the untapered and tapered regions respectively. It is assumed that the mechanical properties of the material in both suspended core and taper regions are the same. Consequently, the strain applied to the two sensor sections and the cladding diameters are related according to: From equation (7) we can write the sensitivity as:
From equation (7), since d taper < d fiber , as d taper decreases the strain sensitivity increases, which is confirmed by the results shown in Figure 6 (a). The obtained mean strain sensitivity to taper size was (2.7±0.1) × 10 -2 strain -1 . From 120 μm (-1.73 pm/με) to 70 μm (-3.12 pm/με), strain sensitivity increased approximately 80% (see Figure 6 ). SCF tapers were also subjected to temperature variations but no sensitivity to such variations was observed. Figure 7 presents the spectral response of the 70 μm-SCF taper at 30 ºC and 70 ºC where no discernable wavelength shift can be detected. This result is expected due to the properties of the SCF. The fiber is made of pure silica and its thermo-optic coefficient is very low. By changing the surrounding medium's refractive index, the tapers were characterized as possible optical fiber refractometric sensors. No spectral change was observed and they were deemed insensitive to external index of refraction variations. The sensing region is basically the core and it is protected from the surrounding medium by the air holes and cladding.
CONCLUSIONS
Tapers from 70 μm to 120 μm were produced on an originally 125 μm-diameter SCF and characterized. Simulations showed a large decrease in the number of modes when tapering the SCF. This was confirmed through the analysis of the spectral responses. The tapers were deemed insensitive to temperature and external refractive index but extremely sensitive to strain. Sensitivities of -1.73 pm/με and -3.12 pm/με for 120 μm and 70 μm taper structures, respectively, were obtained. An increase of strain sensitivity with decreasing taper diameter was expected from simulations and experimentally observed. It was also verified that even when the SCF was tapered down to 40 μm the holes did not collapse.
